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SUMMARY
Combat Information Center (CIC) and bridge wvatchstanders from three
surface ships participated in an evaluation of Lov Level Vhite (LLV) light-
ing during at sea operations. At the end of each vatch, subjects evaluated
the lighting in use and rated the ease of perforaing various vatchstanding
tasks. LLV provided many sdvantages over the standard red or blue lighting,

- including less eye atrain, less fatigue, fever hesdsches, and less glsre on

CXT displays. Overall LLV lighting vas preferred by tvo out of the three
ships for use in the CIC area. Recommendations are made for continued study

of the operational use of LLY lighting on surface ships.
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Por almost a decade U.S. Naval ships have been using two types of chro-
matic (blue/red) ambient illumination. Throughout the Fleet there is very
little standardization leading to various modifications in ambient illumin-
ation. Prior to this time, red lighting was the standard nighttime ambient
illumination for shipboard use. It wvas used because it provided enough
light to perform various "routine" watchstanding tasks, it produced the
smallest effect on the dark adaptation level, or night vision, of watch-
standers on the bridge, or in the Combat Information Center (CIC) (Luria and
Kobus, 1985).

However, the rapid pace of technology has increased the number and
complexity of "routine" tasks performed. These tasks may require the
operator to attend to fine detail on visual displays, read color coded
information, or be relatively mobile throughout the compartment. This
increase in task requirements has led to many complaints regarding the use
of red lighting. Operators have complained about headaches, as well as
difficulties in reading, log keeping, and an inability to discriminate color
coded information. The crew of one ship finally took the matter intc their
ovn hands and replaced the red filters vith blue filters which vere readily
available through the GSA catalog. They reported that the blue lighting
enhanced performance and recommended that it replace the red. After an
evaluation by one additional crew, the Submarine Force adopted blue lighting
as a replacement for red (COMSUBLANT, 1982). Yet, one still finds various
lighting configurations depending upon the type and class of ship, the
compartment, and personnel preference. This condition exists even though
the CNO has authorized the use of LLV lighting in operational areas on
submarines (CNO, 1986).

At the same time, the continued use of red 1lighting was being
questioned by the Naval Submarine Medical Research Laboratory (NSMRL) and a
series of studies vas conducted to evaluate the feasibility of replacing the
red lighting. The best alternative appeared to be the use of an achromatic
lighting system at a level of intensity equal to or lower than that of red
illumination. This lighting system, referred to as Lov Level White (LLW)
lighting, appeared to provide significant improvements in performance

vithout disrupting dark adaptation. For a recent review see (Luria, Kobus,
and Neri, 1986).




The initial phase of this research vas limited to evaluating the use of
LLV lighting for submarines. Theoretically, the results regarding the feas-
ibility of using LLV lighting in operational areas on surface ships should
be very similar to the results obtained on submarines. Yet, testing LLW
lighting on surface ships requires considerztion of several additional
variables. The first is that the requirement for dark adaptation on surface
ships exists throughout the twilight hours; therefore, the LLW lighting
system would be needed for longer durations than on submarines. 1In fact,
most ships continually operate under nighttime illumination conditions in
CIC while undervay. Thus far, LLV lighting has been used for oniy short
durations as a pre-adapting period. A proper evaluation needs to be
performed to determine the feasibility of wusing LLW lighting for 1long
periods of time. The second consideration is that the compartment and
lighting configurations are much different on surface ships than on sub-
marines. The intensity of light in a compartment is obviously directly
related to the number and kinds of lights available. In addition, the tasks
that the operators perform and the equipment they use may differ signif-
icantly betveen submarines and surface ships.

The goal of the present study vas to evaluate the feasibility of LLV as
a replacement for the red or blue illumination presently used on surface
ships.

Method

Subjects - Vatchstanders from the CIC and the bridge areas on three
separate ships participated in the at-sea evaluation. Two of the ships were
fast frigates (USS Ramsey, FFG-2; USS Sides, FFG-14) and the third wvas an
amphibious assault ship (USS Cayuga, LST 1186).

Filters - Neutral density filter material (film) was used to make sleeves to
fit over the light bulbs in the CIC, Bridge, and adjacent passageways. The
filters were made to replace the red or blue filters presently used. The
intensity of the LLV was not equated to that of the red but was dimmer by
0.4 log units (see Kobus and Luria, 1986).

Procedure - The ships that participated in the evaluation used red or blue
lighting as their standard for nighttime ambient illumination. Each ship
evaluated the lighting in a different order. Vithin each ship, the




experimental and standard 1lighting conditions wvere presented in a
counterbalanced order. Most wvatchstanders vere grouped into three sections;
each watch was 4-6 hours long. Questionnaires were given to evaluate how
vell normal wvatchstanding duti. . could be performed under each illumination
condition. The wvatchstanders were asked to rate the illumination on a scale
of 1 to 10 for the ease with which the lighting permitted them to perform
tasks that vere required of their specific watchstation. The final question
asked the observer to provide a rating of the "overall" quality of the
illumination. The questionnaire was a standard format for all
vatchstanders. A copy of the questionnaire is shown in Appendix II.

Most wvatchstanders wvere grouped into three sections; each watch was
from 4-6 hours in duration. Each ship evaluated the lighting in a different
order. Two ships evaluated the LLW first, and the third evaluated the red
lighting first. Within each ship the lighting conditions were presented in
a counterbalanced (ABBA) order. Questionnaire vere given to evaluate how
vell normal watchstanding duties could be performed under each illumination
condition. The watchstanders wvere asked to rate the illumination on a scale
of 1 to 10 for the ease with which the lighting permitted them to perform
tasks that vere required of their specific watchstation. The final question
asked the observer to provide a rating of the "overall" quality of the
illumination. Questionnaires were a standard format wused for all
vatchstanders.

Results

The responses to each of eleven questions comparing red and LLV light-
ing for operational use wvere subjected to a one-vay analysis of variance.
The analyses wvere completed separately for each ship and the number of
subjects in each analysis varied from 13 to 79 depending upon whether or not
the question pertained to a specific watchstation. Separate analyses were

conducted for each area on the ship.

Bridge Analyses -
The LLV on the bridge provided statistically significant improvements.

Such operational tasks such as log keeping and reading color coded material
vere improved, and the crevs reported fewver headaches. There was, hovever,
one significant degradation, glare off the bridge windshield reduced
visibility on overcast evenings. This reduction in visibility superseded
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any of the positive results found using this lighting. It is possible that
increasing the neutral density of the filters for the lights on the bridge
wvould solve the problem, but until this has been demostrated, LLV must be

considered inappropriate for the bridge. No further analyses of the bridge
data will therefore be discussed.

Table 1. Statistically significant improvements using LLV lighting on the

Bridge.1
QUESTION SHIP PREFERENCE

Ease in reading colored plots USS Cayuga LLY
Ease in reading colored pubs USS Ramsey LLV

USS Cayuga LLV
Base in making log entries USS Ramsey LLV
Ease in dark adapting USS Ramsey LLV

USS Cayuga LLV
Lighting best to reduce eye fatigue USS Ramsey LLV
Reduction in headaches USS Cayuga LLV
OVER: LL DESIRABILITY USS Ramsey LLV

USS Cayuga LL¥

1 NOTE: The above results wvere found using LLV lighting on moon-1lit

evenings. Hovever, the glare on the Bridge windows on over-
cast evenings caused by the LLV lighting vas very high. Therefcre,
the use of LLV lighting on the Bridge vas eliminated.
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CIC Analyses -

The same questionnaire was also used for the CIC data collection.
Table 2 lists the significant results of each type of lighting used in the
CIC area for each ship. Fourteen differences were statistically signifi-
cant, Of these, eleven favored the LLW and only three the blue light. All
three were from the USS Sides. The were no significant differences from the
USS Cayuga. Again, some operational duties were improved and other improve-
ments were reductions in fatigue and the number of headaches. The crew of
the USS Sides reported an improvement in the ease of reading colored publi-
cations and a reduction in fatigue under blue, leading them to conclude that
the blue was more desirable.

DISCUSSION

The overall acceptance of LLV lighting in the CIC was mixed. For one
ship the LLV lighting wvas rated better than the standard red or blue light-
ing in every case. A second ship found very little difference between the
tvo lighting systems. The third ship reported that the blue lighting was
better for certain tasks. It should be pointed out that the number of
questionnaires completed was significantly higher for the first ship
discussed.

Although, the statistical results vere mixed, two of the ships sent
messages to Naval Health Research Center (NHRC) supporting the use of LLV
lighting in the CIC area (see appendix 1). In fact, one ship, the USS
‘Ramsey FFG-2, requested to keep the filters on board for further evaluation.
A second evaluation reported by the USS Ramsey provides further support for
the use of LLV lightiug in the CIC area (see Appendix 1, item 5).

Throughout all of the evaluations of both submarines and surface ships,
this was the first study in which any crev reported an overall preference
for blue lighting rather than LLV. It is true that in the first study of
this kind carried out in the Sonar Operational Traincr, at the Submarine
Base, Groton, CT, (Kinney, Luria, and Ryan, 1982), two crews preferred blue
to dim vhite light. However, black cloth was used to dim the white light.
This nethod is very inferior to the use of neutral density sleeves and
produced an unpleasant effect which most likely accounts for those results.

The reason for the preference for blue on the USS Sides in this study
appear to be related to the type of diffuser (light cover) on the lights and

to the number of lights in the compartment. This ship has fewer lights in




TABLE 2. Statistically significant differences for each question between

lighting conditions in the CIC area.

QUESTION , SHIP PREFERENCE
Ease in reading colored plots USS Ramsey LLW
Ease in reading colored publications USS Ramsey LLW

USS Sides BLUE"
Ease in making log entries USS Ramsey LLV
Ease in reading panel lettering USS Ramsey LLV
Ease in reading Illuminated display panel USS Ramsey LLV
Ease in viewving CRT scope USS Ramsey LLV
Ease in dark adapting USS Ramsey LLV
Reduction in fatigue USS Ramsey LLV

USS Sides BLUE"
Reduction in the number of headaches USS Ramsey LLY
Likelihood of continuing to work after USS Ramsey LLW
vatch
OVERALL DESIRABILITY USS Ramsey LLV

USS Sides BLUE"

The analysis on the USS Sides was based on
size (ne13).

the smallest sample




the CIC compartment than the USS Ramsey. In addition, the lights on this
ship all had the "egg-crate" type diffusers. This typa of diffuser tends to
channel the illumination in a vertical column, thus reducing the amount of
light being "spread" throughout the compartment. This reduces the overall
level of ambient illumination compared to the standard configuration. The
preference for blue on this ship, therefore, is probably due to the fact
that blue lighting appears brighter than LLV both for peripheral vision and H
during mesopic (twilight) lighting conditions. This results from what is
called the "purkinje shift": blue light becomes relatively brighter as the
light level gets dimmer and the light receptors around the periphery of the
retina become dominant. The relative brightness of the blue light was no
doubt preferable to dimmer light. However, it should be pointed out that of
all the lowv level or chromatic ambient illumination conditions, blue is by
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far the worst for dark adaptation.

The use of LLV lighting on the Bridge proved to be effective only on
bright moonlit nights. The glare produced on the bridge windows while using
LLV lighting reduced visibility significantiy. The use of LLV lighting on
the bridge was therefore terminated. The use of LLW lighting on the bridge
is not recommended.

Ve recommend that the evaluation of LIV lighting on surface ships
continue. OQur results indicate that the use of LLV lighting provides many
significant advantages over the red/blue lighting prese~.:ly used. Further
research is needed to support these results as vell as tu investigate a
possible replacement for the night-time 1lighting presently used on the
bridge. In addition, research is required to determine 1f LLW lighting is
feasible for all classes of U.S. surface ships. L
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APPENDIX 1

DEPARTMENT OF THE NAVY
USS CATUGA (ST himel
FPC SAN FRANCISCO 26662 1807

3¢50
Ser 007377
21 August 1987

Fran: Caranding Officer, USS CXRA (LST 1186)
To: Cawmending Officer, Naval Ezalth Research Center, San Di=yo, QA

Su5j:  LCA LIvAL LATIE LIGAT EVALDITICR

1. During the paricd 10-14 August 1987 USS CAYUGA (LST 1186) participated in an
evaluation of low level white lighting while underway in the SOCAL opareas
aonducting ind2pendent steaning exercises. '

2. low level white lighting was tested on the bridge, in CIC axd the Camanding
Of ficar's canin (which an an LST also serves as the sea cabin).

3. The use of the low level wvhite light 2s carared to the traditional red
lighting is considered to be an improvement in CIC btut not g0 for the bridge or
the Camanding Officer's cabin. The white light intensity an the bridje was too
great, creating an unacceptadle glare on the bridoe windows. The low level
wvhite light in the Camanding Officer's cabin was considered to be too dim for
continuous use and did not allow for rapid night adaptatiaon.

4. The professionalisn of LT Crarles V. Chessn, MSC, USN is to be cammaended.
Ris ranag=znt of the evaluation was conducted sooothly and without inpact on
courrent taskings. In a3dition, his collateral assistance in officer and (PO
trainirg in the Navy's PfT progran was particularly appreciated.

U A

- .

12

O A TN OO




ROUTINE
R 142)292 SEP 87 FPEN %4C445522
FWM LesS RAVSEY

TO CIUNAVEURFPAC SaN oIt w0 CA

I%FO COMZIZUZy SGAY TSt E e, TN S v e N
CCWZIESaIN Tw0 THREE CClwasLe-CN FIVE
NAVHL THSSCHCEN SAN DIt GO CA

UNCLAS 7/ %5229%0077

SUBJ: LOW LEVEL winlTE LLW LIGHTING SYSTIM EVALUATICN

A, CCMNAVEULRFPAC SAN DIEGO CA 221%232 JuL 87

1. 1AW REF A LLW LIGHTING SYSTEM wiS EVALUATED UNDEZIWAY [12-18 2uUG

87. wATCH STANTERS IN CJC, SCNAR, £w MTIOULE &ND T=f Z3I2GE FILLFOD
OUT CUESTICWAISLES CN A «ATCH 10 wATCH =22519 EAXRISTING Sl rPS 2 Uk)
LIGNTING #2S EVALUATED CN 13 anND 17 AUG, LW LIGHT waS ECVALUATED
14-18 fUG LLW LIGHTING WAS ACHIEVED B8Y USING F=JTO58aFPHM FILTIR

MATEQIAL IN PLACE COF ~ED/BLUE FILTLZR TUSFES
2. THE FOLLOWING ADVANTAGES OF LLw LIGHTING CVER EXISTING BLUE
LIGRATING WiRE C3SESVED.
A, LLW LIGHT SIGNIFICANTLY SEDUCED KL 2IE CON
8. PLOTTING 2D SEA20ING COLCR-COCED NAVIGATICN C4aRTS waAS
C. AATCM STANDTeSS FELT LESS FATIGUED AFTER STaANDING wATCHES IN
LLW LIGRTING THAN IN RED/9LUE LTS,
D. PULBLICATICNS wESE EASIER TO ZEAD USING LLW LIGHT
E. AT NIGHRT, 1T TOCK LESS TIME FOR ZARK-LTAPTATION AS wATCH
STANDERS MOVED BETWEEN CIC AND THE Z2RIDGE. LLW LIGHT SEDUCES THWE
LIGHTING INTENSITY MCTRE THAN THE 3SLUE FILTERS.

R:CAR REPEATERS

3. DISADVANTAGES IN THE USE OF LLW LIGHTING

A. IN SOME CASES, A DOUBLES THICKMNESS OF LLW FILTER MATL was
REOUIRED TO REDUCE LTG INTENSITY TO DESIRED LEVEL.

B. INCANDESCENT GLC3IE FIXTURES ARE NOT AVAIL 70 REPLACE E£xI1STING
QED GLOBES wlTH LtCwW LVL LTG GLCSES.
4. RECCWMMENDATIONS

A. DEVELGP STANCTARD STOCK tLw FILTERS TO REPLACE EXISTING RED
FILTERS USED FOR ALL PASSAGEWAYS AND SEZRTHING CLCMPARTMENTS
FLUCRE SCENT L TG

B, USE LOW WATTAGE (1S WATT) 9QuUL3S A5 AN INTERIM FIX TO REDUCE
NIGHT LIGHTING INTENSITY IN PASSAGE wAYS,

C. HEPLACE EXISTING BJLUE FILTERS wWwITH LW LIG«TING FILTERS

ALL LTG FIXTURES wERE RESTORED TO STANTARD CONFIGURATICN FOL LOw
LVL LTG TEST., aADDITL OPS (18-11 SEP) AGAIN FICVED THAT STD REC,/3LUE
LTG was§ INFEARICOR TO PRCOPOSED LLW LTG, E£SPECIAMMLY !N CIC-2RIDGE.
DURING TESTING NAVHLTHRSCHCEN REP STATED wILLINGYESS TO RETURN T0O
RAMSEY TO INSTALL LLw LTG FOR CONTINUED EVALUATICN RAuSEY STRINGLY
DESIRES INSTALL LLw LIGKT FILTERS IN CIC, SC-tR, EW SIIOULE AND
PILOT ~OUSE. RECUEST RAWMSEY BE AUTHORIZED TO INSTALL LLw FIXTURES
FOR INDEFINATE FERICOD FCAR COUTINUED EVALUATICN,

S.
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APPENDIX II
SAMPLE QUESTIONNAIRE
LLV QUESTIONNAIRE

. Vatch Station:
Color of Light: Time of Vatch:

Indicate difficulty level by circling a number (1~ difficult, 10= easy).

1. Rate the difficulty of reading colored plots.
HARD BASY
B . Lo SR, DA JUNy SN . B - S (1]
Comments?

2. Rate the difficulty of reading publications.
HARD EASY
lee-2erc3uccdean5accboanTencBenn9---10
Comments?

3. Rate the difficulty of making log entries.
HARD EASY
D B o VPR, SRR : SRy SRS - BSOS - NS |
Comments?

4, Rate the difficulty of reading panel lettering.
HARD EASY
D e L Y SUSRUN, SR . SRy SRS SRS O (¢
Comments?

5. Rate the difficulty of reading illuminated display panels.
HARD EASY
D Lty [T NN _ SUEy SRR - WS- P, { ¢
Comments?

6. Rate the difficulty of viewing CRT scopes.
BARD BASY
1---2---3eccbSuncbfoneT~cuB-==9---10
Comments?

. 7. 1If you had to go through other compartments (passagevays, bridge), rate
the difficulty or discomfort of the changes in brightness and the time
to qreadapt.

HARD RASY

. 1---2---3edo5-enfea-7---8---9---10

Comments?

8. Rate hov tired your eyes got during the watch.
(1= tired; 10= not tired at all)

P O s [Tt SR, PUDRPRY . JUVHOty RPN | PSP B | ¢
Comments?

14




10.

11.

12.
13.

Did you get a headache? Yes or No
Comments?

Rate how likely you are to stay up and do other things after this
wvatch.
HARD BASY
1e~e2ewnB3eccfe5-anbp-e7-==8-~-9---19
Comments?

Rate the quality, desirability, effectiveness, etc., of this light,
(1= bad; 10= good)
BAD GOOD
1-wn2--23eecbeeb5ennbpean 7w e nBen =9---10
Comments?

Vere any of the lights distracting or annoying? (How so?)

Additional comments.
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